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I '  
Section 1 

H I S T O R Y  

The F - 1  MRIR was delivered to the University of Michigan in  November 

1962 f o r  special  high-altitude balloon and a i r c ra f t  flight testing. 

In June 1963, jus t  p r ior  to the balloon flight tes t ,  the F - 1  MRIR devel- 

oped chopper bearing trouble and was returned to  SBRC f o r  repa i r .  

radiometer  chopper assembly bearings were replaced, the chopper blade r e -  

pinned, and the MRIR channel gains adjusted so  that the MRIR would have the 

same  calibration that it initially had. 

The 

The radiometer was then returned to  the University of Michigan for  the 

balloon flight tes t s  and subsequent a i rc raf t  testing. 

pletion of a l l  special  testing, the F-1  MRIR was returned to SBRC. 

In June 1964, a t  the com- 

J u s t  p r ior  to  its re turn  to  SBRC, the radiometer  was sent to  NASA 

(Goddard Space F l i g h t  Center) where check of calibration measurements  were  

performed. During these calibration measurements ,  the 10- to  11-micron 

channel was observed to have an e r ra t ic  behavior. 

Upon its re turn  to SBRC, a n  investigation was s ta r ted  to determine the 

cause of the e r r a t i c  behavior of the MRIR 10- to  11-micron channel. In addi- 

tion, check of calibration measurements  were  made to  determine the extent 

that  the radiometer  calibration had changed f r o m  the original calibration at 

SBRC. 

This r epe r t  covers the investigation that was made,  the resul ts  that  

were  obtained, and the conclusions that were reached. 
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Section 2 

S U M M A R Y  O F  R E S U L T S  A N D  C O N C L U S I O N S  

1. A calibration change was found to  exis t  i n  the 5- to  30-micron channel. 

This change was found to  be the result  of a decrease  i n  gain of approximately 

570 in the scanner ,  and was t r aced  to a decrease  in  t ransmiss ion  in the 5- to  

30-micron optical f i l ter .  

I 
I 
I It is felt  that the f i l ter  t ransmission change may, in par t ,  have been the 

r e su l t  of UV radiation on the filter during the balloon and a i r c ra f t  flight tes t s ,  

since the high-infrared, low-UV reflecting optics had not been installed in  

this radiometer .  

2. A change in calibration was found to  exis t  in  the 6. 7-micron channel. 

This change was found to  be the result  of an increase in  gain in the scanner 

(which continued to  increase  during testing) and was t r aced  to  a small piece 

of an  interference layer  on the 6.7-micron f i l ter  peeling off - increasing the 

t ransmiss ion  of the "filter sk i r t s .  ' I  

f 
I) 
I The interference layer  that  failed had been hermetically sealed. 

The cause of the f i l ter  failure has not been determined. 1 
3. 

be in good agreement  with the original calibration. 

The check of calibration of the 0. 2- to  4 .0-micron channel was found to I 
4. 

channel. The change was found to be the resu l t  of a decrease  in t ransmiss ion  

of the 0. 55- to  0. 85-micron filter. The f i l ter  suffered f rom what appeared to  

be  polymerization of the ba lsam cement which bonds two elements of the f i l ter  

tog e the r . 

A calibration change was found to  exis t  in the 0.  55- to 0. 85-micron I 
ir 

This failure mode was found to exis t  i n  this filter type during the 

NIMBUS program, and has  been corrected for  the P-2 prototype MRIR and 

the F - 2  and subsequent flight MFUR's. a 
$ A N T A  B A R B A R A  R E S E A R C H  C E N T E R  2 - 1  
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The F - 1  MRIR had been shipped pr ior  to incorporating the cor rec ted  - -  
y-- 

action. 

5.  

were found damaged. 

ruptured and the g lass  diode was shattered. 

it is  believed that the capacitors and diode were  damaged by the application 

of a r eve r se  polarity voltage ac ross  the output l ines of this channel. 

The output capaci tors  and Zener diode of the 10- to 11-micron channel 

The shells of the two line-to-ground capaci tors  were  

On the bas is  of tes t s  performed, 

The fai lure  produced an intermittent and varying load on the output volt- 

age of this channel and resulted i n  the e r r a t i c  behavior reported by NASA. 

6. 

remaining channels was found to ‘be excessively high. 

The cu r ren t  leakage of the output capacitance circui t  for  three of the 

The cause of this  increased current  leakage in the capaci tors  is  unknown. 

7. 

layer  of the 10- to 11-micron f i l ter  had peeled off. 

attenuate wavelength “harmonics I ’  of the bandpas s element. 

A small piece of the short-wavelength attenuating (blocking) interference 

This layer  is used to  

This fa i lure  may have occurred as a resu l t  of condensed water collec- 

tion on this  f i l ter .  

8. The t ransmiss ion  of the 10- to  11-micron f i l ter  in  the 9-  to  12-micron 

region was found to  have decreased approximately 10% f rom the original 

t ransmiss ion  measurements  made on this f i l ter .  

is unknown. 

The cause of this  decrease  

9.  

10- t o  11-micron channel was found to exist. 

to  0. 5 volt. 

A small, intermittent change in the amplitude of the offset voltage in the 

The observed change amounted 

Because of i t s  intermittency the cause of this change has not yet been 

isolated. 
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10. 

bly was found to  be the resul t  of an intermittent open in  the No. 2 phase scan 

motor power wire  in the interconnecting t e s t  cables  that had been used. 

The reported decrease  i n  torque output i n  the scan m i r r o r  drive a s s e m -  
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Section 3 

I N I T I A L  I N V E S T I G A T I O N  A N D  
C H E C K  O F  C A L I B R A T I O N  

When the radiometer  was delivered to  SBRC by NASA it was reported 

by NASA that the MRIR scan m i r r o r  had become contaminatedl jus t  af ter  the 

calibration t e s t s  at NASA had been completed and would require  cleaning. 

The scan  m i r r o r  was examined, found to require  cleaning, and was cleaned. 

(A translucent layer  of g rease  o r  oil appeared to be deposited on the scan 

m i r r o r .  ) 

The p r imary  and secondary optics did not suffer f r o m  the contamination 

They had a thin layer  of dust  deposited on them observed on the scan m i r r o r .  

and what appeared to  be small "water speck' '  s tains.  

Because it would have been necessary to  partially disassemble the scan-  

n e r  and remove the lens  deck assembly in order  t o  give the p r imary  and sec-  

ondary optics a thorough cleaning, only a light cleaning was performed using 

a soft camelhair  b rush  t o  remove the thin layer  of dust. 

t ime that any work done on the radiometer should be kept t o  a minimum, 

pr ior  to obtaining check of calibration data and fai lure  inspection, to  reduce 

the possibility of changing the MRIR charac te r i s t ics  o r  parameters .  

It was felt  a t  the 

The MRIR was connected and powered while in  a laboratory environ- 

ment  and the scan m i r r o r  drive was investigated for  any lo s s  i n  torque, since 

it had been reported (by the University of Michigan) that on severa l  occasions 

the scan  m i r r o r  did not s t a r t  turning when power was applied, and required 

This resul ted f r o m  the overheating of the blackbody calibration target ,  due 
to  a faulty heating switch, while the sys tem was i n  a vacuum chamber - 
causing outgassing of contaminants (at the elevated temperature)  which were 
deposited on the MRIR scan mirror. 

1 
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a small amount of “hand-torque’‘ to  get it started.  

t e red  in  s tar t ing the scan m i r r o r  and the torque appeared normal.  

No problem was encoun- 

A l a t e r  investigation of the University of Michigan’s interconnecting 

test cables  uncovered an intermittent open in the No. 2 phase scan  motor  

power wire  (a t  connector J30 1 pin l),  which explained the reported difficulty. 

The radiometer scanner was placed in a thermal  vacuum chamber and 

a check of calibration measurement  was made a t  25OC temperature .  

check of calibration run was then rerun to determine the repeatability of the 

readings. 

The 

With the exception of the 10- to 11-micron channel, which var ied un- 

explainably between and during the runs,  the data f r o m  all of the channels 

were repeatable within experimental e r r o r .  

Listed in Table 1 i s  a comparison of the readings f o r  the two runs.  

These data a r e  plotted2 in  F igures  1 through 5 along with the original C a l i -  

brat ion curves3 fo r  the MRIR obtained in November 1962. 

Examination of the 5- to  30-micron channel data in  F igure  1 shows that 

the change in calibration that occurred since the original calibration is pr i -  

m a r i l y  one of gain in the scanner4 and not of offset voltage (chopper radiation 

Except for  the 10- to  11-micron channel, the bes t  f i t  curves  a r e  plotted 
r a the r  than the actual  data points for i l lustration clari ty.  

The curves fo r  the 0.55-  to 0. 85-micron and 0 . 2 -  to  4 .0-micron channels 
have been cor rec ted  for  the 3070 and 10% e r r o r s  (respectively) that were 
found in  the albedo ta rge ts  subsequent t o  the original calibration of F-1 ( see  
Twelfth Quarter ly  Report, Five-Channel Scanning Radiometer,  for  15 July 
to  15 October 1963). 

2 

3 

If the gain change had occurred i n  the electronics  module, the c rossover  
point of the curves would have occurred a t  ze ro  voltage output. 

4 
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Table 1. Comparison of Check of Calibration Data Obtained on F - 1  MRIR 
on Two Successive Days (Scanner at 25OC Temperature)  

Target  
Tempera ture  

("a 

-93 
-83 
-73 
-63 
- 53 
- 43 
-33 
-23 
- 13 
- 3  
+ 7  
+ 17 
+27 
+37 
+42 
+47 

5- t o  30-Micron 
(vdc) 

1 2 

- 10.9 -10. 8 
-10.65 -10.5 
-10. 25 -10. 25 
- 9. 8 - 9.75 
- 9.4  - 9 . 4  
- 8. 8 - 8.85 
- 8. 2 5  - 8.25 
- 7 . 5  - 7 .5  
- 6.75 - 6 . 7  
- 5.75 - 5.75 
- 4.75 - 4.75 
- 3.65 - 3.6 
- 2.45 - 2.4 
- 1.00 - 1.0 
- 0.30 - 0 . 3  

C ha nn e 1 

6.7-M' ic ron 
(vdc) 

1 2 

-6.65 -6.5 
-6.5 -6 .4  
-6.25 -6.25 
-6.  1 -6 .0  
-5 .7 -5.7 
-5.25 -5.25 
-4.5 -4.55 
-3.65 -3.7 
-2.45 -2 .5  
-1.0 -1.0 

10- to  11-Micron 
(vdc) 

1 2 

-10.0 
- 9. 8 
- 9 . 6  
- 9.0 
- 9.0 
- 9.3  
- 8. 8 
- 8.25 
- 7.4  
- 6.25 
- 5 .4  
- 4 .0  
- 2.75 
- 1.0 
- 0 . 3  
+ 0.75 

-11.0 
- 10.75 
-10. 6 
- 10. 25 
- 9 .9  
- 9 .5  
- 9.0 
- 8.25 
- 7.35 
- 6. 5 
- 5.25 
- 4. 1 
- 2.75 
- 1. 15 
- 0.35 
+ 0.75 

Albedo 
( 7 0 )  

C hann e 1 

9. 55- to  0.  85-Micron 0. 2- t o  4.0-Micron 
(vdc) (vdc) 

1 2 1 2 

i o  
20 
30 
40 
50 
60 
70 
80 

- 1.35 - 1 . 3 5  
- 2.65 - 2.6 
- 3.9 - 4.0 
- 5.2 - 5.35 
- 6.5 - 6. 5 
- 7.75 - 8.0 
- 9 . 3  - 9. 1 
-10.5 -10.5 

1 . 2 .  l s  25 
2.5 2 .5  
3.75 3.75 
5 . 0  5 . 0  
6. 3 6. 35 
7.6 7.7 
9 .0  9 .0  

10.25 10.2 
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compensation) shift. 

a t  a tempera ture  approximately equal t o  the scanner  temperature .  

nitude of this gain change is  approximately -470. 

This i s  indicated by the two calibration curves  c ross ing  

The mag- 

Examination of the 6.  7-micron chacnel data in Figure 2 suggests that 

the change in  calibration that has  occurred i s  a l so  pr imar i ly  the resu l t  of a 

gain change in the scanner.  

tion into the positive MRIR voltage output plane along the theoretically ex- 

pected response curve (dotted extension) and extrapolating the recent cal ibra-  

tion curve  along a s imilar ly  shaped response curve.  

two curves  occurs  a t  a temperature  approximately equal to  the scanner tem-  

perature .  

3-12. 570. 

This i s  shown by projecting the original cal ibra-  

The intersection of these 

The magnitude of the gain change is calculated to be approximately 

Examination of the 0. 2 -  to  4 .0-micron channel data in F igure  3 shows 

that essentially no change in calibration occurred since the original cal ibra-  

tion. 

Examination of the 0.55- to 0 .85-micron channel data in Figure 4 shows 

that a gain change of approximately -14% has  occurred in this channel since 

the original calibration. 

F igure  5 shows the inconsistency of the data that were obtained fo r  the 

These data confirmed the report  f r o m  NASA that 10- to  11-micron channel. 

an unexplained variation in  output voltage occurred in this channel during 

calibration runs. 

A measurement  of the output impedance of the 10- to 11-micron channel 

showed that the impedance was low and varied errat ical ly .  It was felt  this 

variation would explain the inconsistency of the data being obtained fo r  this 

channel and therefore  the electronics module was opened up to  investigate 

the source  of the trouble. 
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Section 4 

1 0 -  T O  1 1 - M I C R O N  O U T P U T  C A P A C I T O R S  

When the output c i rcu i t ry  of the 10- to  11-micron channel was investi- 

gated it was found that the two 0. 22-microfarad line-to-ground output capaci- 

t o r s  were  ruptured and the glass envelope of the output Zener diode (located 

between the two capaci tors)  was shattered. See Figure 6. 

It was believed that the capacitors were overs t ressed  (perhaps f r o m  

excessive voltage being inadvertently applied a c r o s s  the capaci tors)  causing 

them t o  explode and that the force  of the explosion was l a rge  enough to shat ter  

the g l a s s  envelope of the diode. 

appeared to be tantalum spread over a 2 x 6 inch a r e a  of the circui t  board 

and a discoloration (and coating of tantalum) of the a r e a  on the inside cover 

of the electronics module which was direct ly  above the capaci tors .  

This was evidenced by a fine layer  of what 

The exploded capacitors and damaged diode set  up a varying and inter-  

mittent shor t  condition which loaded the output of this channel and caused the 

e r r a t i c  output voltage variation observed in this channel. 

The output capaci tors  (including the line -to-line capacitor) and the 

Zener diode were replaced i n  the 10- to  11-micron channel and additional 

calibration measurements  of all channels were made at different scanner 

and electronics  module temperatures.  
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Section 5 

D E T A I L  E X A M I N A T I O N  O F  C A L I B R A T I O N  D A T A  

5- TO 30-MICRON CHANNEL 

Figures  7 and 8 compare the check of calibration data obtained with the 

original calibration data of the 5- to 30-micron channel for  a 4OoC scanner  

tempera ture  and the electronics module at a tempera ture  of 25OC and 4OoC, 

respectively. 

calibration data can  be observed. 

over point of the curves occurs  a t  4OoC ta rge t  temperature .  

Again a gain change of approximately -570 f r o m  the original 

At this scanner temperature  the c r o s s -  

F igures  9 and 10 compare the check of calibration data with the origi-  

nal  calibration data for  a O°C scanner temperature  and the electronics module 

at a tempera ture  of 25OC and O°C, respectively. 

f igures  that approximately the same gain change f r o m  the original calibration 

curves i s  observed a t  this scanner  temperature  (compared with the gain change 

f o r  other scanner  temperatures)  and the c ros sove r  points occur a t  approxi- 

mately O°C target  temperature .  (Crossover  would be made to  occur at ex- 

actly O°C with l e s s  than a 170, of full scale ,  shift of one of the cu rves . )  

It can  be seen  f r o m  these 

The data for  10°C and 5OoC scanner tempera tures  yielded essentially 

the s a m e  information as that obtained for  the other calibration temperatures  - 
approximately a -570 gain change had taken place in  this  channel. 

6.7-MICRON CHANNEL 

F igures  11 and 12 compare the check of calibration data obtained with 

the original calibration data of the 6.7-micron channel for a O°C scanner  

tempera ture  and the electronics module temperature  of 25°C and O°C, r e -  

spectively. Here,  the c ros sove r  point occurs  a t  approximately O°C target  

tempera ture ,  and it is  therefore  more easily seen that a gain change, ra ther  

than an  offset shift, was pr imar i ly  the cause of the change in calibration. It 
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can be seen f r o m  Figures  11 and 12 that the gain change i s  actually g rea t e r  

than that measured  for  the check of calibration run a t  25OC scanner  tem-  

perature  (F igure  2) and that the change in gain is grea te r  a t  0 ° C  electron-  

ics  module temperature  (with the scanner a t  0°C) than at 25OC electronics  

module temperature .  

It was believed that this change was the resu l t  of the 6.  7-micron 

channel gain continuing to  increase  during the testing sequence and that 

the increase  in gain was being stimulated by the temperature  cycling of 

the scanner .  This theory was corroborated when a check of calibration 

run was again made a t  25OC scanner tempera ture  and the gain change was 

found to be higher than the f i r s t  check of calibration run a t  25OC scanner  

temperature  . 

Figures  13 and 14 compare the check of calibration data with the 

original calibration data of the 6.7-micron channel for  a 5OoC scanner  

tempera ture  and the electronics module tempera ture  at 25OC and 5O0C, 

respectively.  Here again, by extrapolating the calibration curves into 

the positive MRIR voltage output plane, it can  be seen that the calibration 

discrepancy i s  pr imar i ly  the resul t  of a gain change in the scanner .  

can a l s o  be seen that the gain change is l a r g e r  for the run with a 5OoC 

electronics  module temperature  - this run occurred a f te r  the run with 

the module temperature  at 25OC. 

It 

The data fo r  10°C and 4OoC scanner tempera tures  yielded e s sen -  

tially the aarr,e inforrr,ation as  that obtained for  the other calibration 

tempera tures  - a calibration discrepancy caused by a gain change had 

occurred  in the scanner  and the gain change was continuing to  occur.  
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0 .2 -  TO 4.0-MICRON CHANNEL 

Figures  15 and 16 compare the check of calibration data with the origi-  

nal  calibration data for  the 0 . 2 -  to  4. 0-micron channel fo r  a 5OoC scanner 

tempera ture  and the electronics  module temperature  at 25OC and 50"C, r e -  

spectively. 

occurred i n  this channel. The small  variations observed a r e  on the o rde r  

of magnitude of the calibration t e s t  e r r o r s .  

Again it can be seen that essentially no change in calibration 

F igures  17 and 18 compare the check of calibration data with the origi-  

nal  calibration data for  a O°C scanner tempera ture  and the electronics module 

tempera ture  a t  25°C and O"C, respectively. 

The data for the 10°C and 4OoC scanner  tempera tures  yielded essenti-  

ally the same  information as that obtained for  the other calibration tempera-  

t u re s  - essentially no change in gain occurred  i n  this channel. 

0.55- TO 0.85-MICRON CHANNEL 

Figures  19 and 20 compare the check of calibration data with the origi-  

nal  calibration data of the 0. 55- to 0.  85-micron channel for  a 5OoC scanner 

tempera ture  and the electronics module temperature  a t  25°C and 5OoC, r e -  

spectively. 

seen. 

Again a calibration change of approximately 10% to  1570 can be 

F igures  21 and 22 compare  the check of calibration data with the origi-  

nal  calibration data for  O°C scanner tempera ture  and the electronics module 

tempera ture  a t  25°C and O'C, respectively. Again the gain change observed 

is approximately 10% to 1570. 

The data for  the 10°C and 4OoC scanner  tempera tures  yielded essenti-  

ally the same  information a s  that obtained fo r  the other calibration tempera-  

t u r e s  - approximately a 10% to 1570 gain change occurred i n  this channel. 
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10- TO 11-MICRON CHANNEL 

The check of calibration data obtained f rom the 10- to  11-micron channel 

again showed an unexplainable variation - m o r e  so  when the electronics mod- 

ule temperature  was varied with the scanner temperature  than when the elec- 

t ronics  module was kept fixed a t  25'C. Because of this behavior, it was felt 

that additional c i rcui t ry  in this channel might have failed (perhaps a s  a resu l t  

of the explosion of the output capacitors). Therefore,  it was decided to agai.n 

look at the circui t ry  of this channel. 
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Section 6 

I N V E S T I G A T I O N  O F  T H E  

A N D  M R I R  O U T P U T  C A P A C I T O R S  
1 0 -  T O  1 1 - M I C R O N  C H A N N E L  C I R C U I T R Y  

6.7-micron 

10- to  11-micron 

0. 55- to  0.85-micron 

5- t o  30-micron 

0. 2- to  4.0-micron 

In investigating the 10- to  11-micron channel c i rcu i t ry  it was found that  

when the 3. 9-microfarad line-to-line output capacitor had been replaced, the 

new capacitor was installed with a reversed  polarity. 

tial breakdown (excessive cu r ren t  leakage) of the capacitor for  MFUR high 

output voltages (par t icular ly  a t  elevated tempera tures)  which caused a va r i -  

able load on the output voltage. This, it was fel t  at the t ime,  explained the 

resu l t s  that were obtained in the later check of calibration measurements  at 

the different scanner  and electronics module temperatures .  

This resul ted in a p a r -  

1 .5  

Unable to read 

3.0 

2.7 

25 

The line-to-line output capacitor was again replaced in  this channel. 

The output loading due t o  the capacitors was measured  on all channels. 

Except fo r  the 10- to  11-micron channel, which had new capaci tors  installed,  

all channels showed a cu r ren t  leakage which could be measured  on a Simpson 

260 me te r .  The res i s tance  values measured a r e  shown in Table 2. 

Table 2. MRIR Channel Output Loading Due to 
Output Capacitors 

Channel 
DG Resistance 

(megohms) 
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Unable to read Unable to read 39 megohms 

Unable to read Unable to r ead  Unable to read  

Unable to read Unable to read  Unable to  read  

Unable to  read Unable to  read  Unable to read 

, Unable to read Unable to read Unable to read 

The loading caused b y  the capacitance leakage measured  would have 

resulted in  l e s s  than 0.  57.1 loading on the channels and therefore a n  insignifi- 

cant effect on the calibration. 

had reached such a high level of current  leakage was of importance since this 

indicated that the capacitors had deteriorated drastically.  

However, the fact  that th ree  of the channels 

It was felt  that  the deterioration might have been a shelf-life problem. 

For this reason, the cur ren t  leakage was measured of the capacitors pur- 

chased a t  the same time a s  those i n  F- l MRIR and installed in the F-4 ,  F-5,  

F-6 ,  and S-2 electronics modules. (These modules had been temperature  

cycled in a thermal  vacuum chamber, but had not been subjected to any 

vibrational o r  shock environment. ) The resis tance values measured a r e  

shown in Table 3 .  

These data indicate that a factor other than shelf life was probably the 

cause of the output capacitor failures in  the F - 1  MRIR. 

Table 3. Current  Leakage Due to Output Capacitor Network in  
F-4,  F-5, and F - 6  MRIR's and S - 2  Spare Electronics 

C hanne 1 

6.7-micron  

10- t o  11-micron 

0.55- to  0.85-micron 

5- t o  30-micron 

0 .2 -  to  4 .0-micron 

DC Resistance 

F -4 F - 5  F - 6  

Elec t r ica l  s t r e s s  testing was conducted on capacitors of the same type 

(150D) and s ize  as those used i n  the MRIR output f i l t e r  network to see  i f  the 

fa i lures  (both rupture and cur ren t  leakage deterioration) could be reproduced. 
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The capaci tors  used fo r  these tes t s  had been procured a t  the same t ime a s  

those used in the flight model MFUR. 

The capacitors were subjected to dc voltages of various amplitude and 

of both polarit ies.  

when the capacitors were cor rec t ly  biased. 

In addition, a c  voltages of various amplitudes were applied 

Rupturing of the capaci tors  could only be achieved when the capaci tors  

were back biased with a la rge  dc voltage. 

voltage to cause rupturing varied between -20 and -30 volts. 

instances,  a t  voltage levels slightly below those causing complete fa i lure  

of the capacitor,  a deterioration of the capacitor leakage was observed. 

The magnitude of the required 

In some 

Based on these resu l t s ,  it i s  felt that the inadvertent application of an 

external 'Inegative" dc signal across  the output l ines of the 10- to 11-micron 

channel could explain the failure of the capacitor and Zener diode. 

The deterioration of the output capaci tors  i n  the other channels could 

not be explained by these resu l t s  since the Zener diodes in the output c i r -  

cuits would have shorted out the negative signal and /o r  been destroyed in the 

p rocess  of doing so. 
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Section 7 

O P T I C A L  F I L T E R  E X A M I N A T I O N  

After the check of calibration measurements  were made a t  the different 

scanner and electronics module temperatures ,  the preamplif iers  were r e -  

moved f rom the scanner and the optical f i l t e rs  were examined. In a visual 

examination of the f i l t e rs  the following discrepancies were observed. 

1. 

ference layer  facing the optics was found to  have peeled f r o m  the 10- to  11- 

micron  f i l ter .  

A small piece (approximately 270 of the total f i l ter  a r e a )  of the in te r -  

2 .  A sma l l  piece (approximately 370 of the total f i l ter  a r e a )  of the in te r -  

ference layer  located on the inside surface of the front f i l ter  element of the 

6.7-micron f i l ter  had peeled. 

two-element f i l ter ,  is separated by a sh im f r o m  the back element,  and is  

he rme tic ally sealed. 

This surface faces  the back element of this  

In addition, a small section of this interference layer  (approximately 

15% of the total surface a r e a )  had separated f r o m  the substrate  on which it 

had been deposited. 

3 .  

0. 55- to 0. 85-micron f i l ter ,  had s t reaks in  it. 

tion of the ba lsam cement had occurred. 

The ba lsam cement, used to  hold together the two f i l ter  elements of the 

It is believed that polymeriza- 

This fa i lure  mode was found to exist  in this f i l ter  type during the ear ly  

pa r t  of the NIMBUS program,  and has been cor rec ted  fo r  the P - 2  prototype 

MRIR and F -2  and subsequent flight MRIR's. 

Nos. 24, 25, and 26. ) 

(See Let ter  P r o g r e s s  Reports 

The F - 1  MRIR had been shipped pr ior  to  incorporating the cor rec ted  

action. 
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The physical appearance of the 5- to  30-micron f i l ter  and the 0 . 2 -  t o  

4 .0-micron f i l ter  appeared to be normal. 

Transmission measurements  were made on the three  thermal  channel 

filters and the 0. 55- to  0. 85-micron channel f i l ter .  

The resul ts  of these measurements  a r e  plotted in F igures  23 through 

26 along with the original t ransmission curves obtained for  these f i l ters .  

10- TO 11-MICRON FILTER 

The interference layer  of the 10- to  11-micron f i l ter  that  had peeled 

was the short-wavelength (blocking) attenuator. 

length harmonics  of the bandpass element. 

It is used t o  attenuate wave- 

The effect of losing a portion of this layer  can  be seen  in Figure 23, 

which shows a t ransmiss ion  leak occurring between 4.6 and 5. 3 microns.  

Although this f i l ter  l ayer  will pass  the required humidity environment, 

it has  been learned that the f i l t e r  layer i s  susceptible to  damage with liquid 

water and will flake a f te r  being washed with water. Therefore,  it is possible 

that this  failure may have been the resul t  of water moisture  condensing on the 

f i l ter  during field testing i f  the f i l t e r  t empera ture  was ever  below the dew 

point of the surrounding air. 

It can a l so  be seen  f r o m  Figure 23 that a decrease  in t ransmission a l so  

occurred  in  the 10- to  11-micron filter in  the 9- t o  12-micron region. 

c=ruse of this decrease  is unknown. 

The 

0.55- TO 0.85-MICRON FILTER 

It can be seen f r o m  Figure 24 that a decrease  in t ransmission of approx- 

imately 2070 has  occurred  in  the 0.55- to 0.85-micron f i l ter .  

l a r g e r  than the decrease  in apparent gain that was measured  fo r  this channel 

during check of calibration measurements.  

This is slightly 
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It is believed that par t  of the f i l ter  degradation occurred between the 

initial delivery of the radiometer t o  the University of Michigan and the t ime 

of the chopper bearing fai lure  and repair .  Therefore,  when the channel gains 

were adjusted, compensation was made for  this degradation so that  the MRIR 

would have the same calibration that it originally had. 

5- TO 30-MICRON FILTER 

Figure  25 shows that a decrease in t ransmiss ion  of approximately 5% 

to 10% occurred in  this f i l ter  over the 8- to 12-micron band. It is  believed 

that this change accounts for  the decrease i n  gain that was measured  during 

the check of calibration measurements .  

It is fe l t  that the filter t ransmission change may,  i n  pa r t ,  have been 

the resu l t  of UV radiation on the filter during the balloon and a i r c ra f t  flight 

tes t s ,  since the high-infrared, low-UV reflecting optics had not been installed 

in this  radiometer .  

6.7-MICRON FILTER 

Figure 26 shows the increase in t ransmission of the "filter sk i r t s "  that  

occur red  in  the 6.7-micron f i l ter .  

account fo r  the increase  i n  gain that was observed for  this channel. 

This increase  in t ransmiss ion  would 

It is not understood, however, why the increase  in t ransmiss ion  of the 

upper "skirt" occurred,  nor why the increases  a r e  occurr ing s o  close to  the 

t ransmiss ion  band. According t o  the f i l ter  supplier (OCLI), the interference 

layer  (that peeled) is only intended to be the short-wavelength attenuator used 

to  eliminate harmonics  of the bandpass element. 

To see i f  th is  fa i lure  mode could be duplicated, a 6. 7-micron f i l ter  

procured at the same time a s  the one used i n  the F-1 MRIR was subjected to  

a tempera ture  shock environment. 

O°C t o  5OoC to O°C, -1OOC to 60°C to - lO°C, and f rom -20°C to  70°C to  -20°C. 

The f i l ter  was temperature  shocked f r o m  
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The procedure used was to stabilize the f i l ter  at the first tempera ture  

in  one temperature  chamber ,  then quickly t r ans fe r  the filter to a chamber 

which had been stabilized a t  the second temperature .  

ined between runs and a l so  at the end of the tes t s .  

o r  flaking of any of the f i l ter  interference l aye r s  was observed. 

The f i l ter  was exam- 

No evidence of peeling 
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Section 8 

A D D I T I O N A L  T E S T I N G  O F  T H E  

1 0 -  T O  1 1 - M I C R O N  C H A N N E L  

After the output capacitors were again replaced in  the 10- to 11-micron 

channel, check of calibration measurements  were once more  s ta r ted  on this 

channel. 

During these runs it was observed that an intermittent shift in  the off- 

s e t  voltage would occur. The magnitude of this  shift was as high as 0. 5 volt. 

Because of this intermittent and random shifting, it was not possible to get a 

good evaluation of the net gain change that may have occurred in  this channel. 

Plotted in Figure 27 a r e  the calibration points that were obtained during 

the 25OC (scanner  and module) temperature run. 

put voltage that occurred between 210'K and 220°K target  temperature  was 

accompanied by a 0. 5-volt change in  the offset voltage. 

The l a rge  decrease  in out- 

The cause of this intermittent change in output voltage has not yet been 

determined. 
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Section 9 

D A T A  

Included in  Appendix B a r e  tables listing the data points obtained during 

the check of calibration measurements.  

given in Appendix C. 

The original calibration data a r e  
I 
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Figure 6 
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Appendix B 

C H E C K  O F  C A L I B R A T I O N  D A T A  

S A N T A  B A R B A R A  R E S € A R C H  C E N T E R  B- 1 



rehCivq 

Check of  C a l i b r a t i o n  Data  Page  / A  
F - 1  M R I R  

Module Temperature &2 3- ‘c Scanner Temperature 43 &d,c.hd 

- . - .... 
. I .  . 

1 6 . 7  micron channel  MRIR T e m p  

40°C 10°C 

- Sy-:38  

vd c .- 

c s.G5- 

T a r g e t  Temp 5 0 ° C  

-93OC 

- 8 3  

- 7 3  

- 6 3  

- 5 3  

- 4 3  

- 3 3  

- 2 3  

-13 
- 3  

- vdc - vdc 

- 5 . 2 5 -  

- 4.92 
- Y + Y O  

--La- - 3.07 
- 0 . y r  

/ * 8 3  . 

Y * n  
- 3.37 

- 2 . 8 7  
0 1 . 6 3  

10-11 micron channe l  MRIR Temp 

4 0 ° C  2 5 ° C  

vdc - vd c - 
- / o . o r  * - 9.Y 5- 

1 Target  Temp o o c  
- vd c 
- 9.2s- 

- 9 . d O  

- B.00 
- 8 . 6 0  
- $,2>’ 
- 7.73- 
- 772r 

- 9 3 ° C  

- a 3  

- 7 3  

- 6 3  

- 5 3  

- 4 3  

- 3 3  

- 2 3  

- 1 3  

- 3  

+ 7  

4-1 7 

+ 2  7 

+ 3 7  

+4 7 

-- 9 . 9 0  
- 4.60 
- 9 . 2 5 -  

- 

,. 



T k k C  I Y G I f  
F - 1  M R I R  

Page 2 A  - Check of Calibration Data 

1' 
Module Temperature d 5°C , 

-30 micron channel M R I R  Temp 
arget  Temp 5OoC - - 4OoC .2S0C 

Scanner 'Temperature ZAClrc*fec( 

-93.C vd c 1 - 8 3  - / & I  3 5- 

t ::: 
fi .::: 
8 + '  

- 3  

+17 $ +27 
i-37 

vdc - vd c - 

- d e 0 0  

. .. . 

10°C ooc 
0 vdc - vdc 

Y 



F-1 MRIR 
Check of C a l i b r a t i o n  Data 

Scanner Temperature/+$ rh&cafcd Module Temperature Q? 5°C 

0 . 5 5 - 0 . 8 5  micron channel MRIR Temp E Albedo 50°C ' 40°C ' 25°C 

O X  

10 
20 
30 
40  

5 0  

1 
I 

60 - 7a70 
7 0  -9.00 
80 - / d r  25- 

90 - 
100 - 

0.2-4 micron channel M R I R  Temp 

2 5 ' C  

- vd c 

- /. I >- 

- 3 - 6 0  
- f,E35- 

- x * / o  
- 6 1 V O  

A l b e d o  B 50°C 40°C 10°C 0°C 

0% 

10 

2 0  

30 

40  

5 0  

6 0  

7 0  

80 
90 

100 

c .  - vd c 
- / , Z Y  

- vd c 
- /, 2 5- I 

I 
- 2. rr 
- 0,7s-  

- 7.78 
- g , o b  - 9.06 

- / a *  R 5- re 
b 
b 

- / o *  3 0  

. 



Jur,e 196-9- 
F - 1  M R I R  

Check of Calibration Data Page / B  
Module Temperature_& &Acefed Scanner Temperature z&&c4feC( 

1 
I 
1 

. 

__ _.I . 

E . 7  micron channel 
Target Temp 5 0 ° C  

I 
1 

-93OC 

- 8 3  

- 7 3  

- 6 3  

- 5 3  

- 4 3  

- 3 3  

-23 
-13 
- 3  

.- 5 . 9 5 -  

T 
I 
10-11 micron channel M R I R  Temp 

25°C #Target Temp 5 0 ° C  40°C 1 0.” c 
-93OC - vd c - vd c - vdc - vd c 
- 8 3  

- 7 3  

- 6 3  

- 5 3  

- 4 3  

- 3 3  

-23 
-13 

- 3  

+ 7  

-i17 

+ 2 7  

+ 3 7  

+4 7 

- 7.80 
- G.25- 

- 5 - , 2 ! 7  

+-- 0.30 - a/< 



F - 1  M R I R  
Check o f  Calibration Data 

Module Temper a t  ur e s canner 'Temper a t  ur e/x In,& qr Ad 

- 3 0  micron c h a f i n c l  

arget Temp 5 O o C  
-93°C 
- a 3  
- 7 3  

- 6 3  

- 5 3  

- 4 3  

- 3 3  

- 2 3  

- 1 3  

- 3  

+ 7  

+ 1 7  

+ 2 7  

+ 3 7  

+42 

-. 9#96 
- 9 , 1 <  
- 2.3-r 
- 3 . 3 5 -  
- 7 . 2 0  

- G.5V 
- L5- 

M R I R  Temp 

40°C 25°C 

Vdc - vd c 

~ 

- 3'3s- 

1 .  

10°C ooc  
vdc - vd c - 

- 6.60 



F - 1  MRIR 
Check of Calibration Data 8 

I 
1 

4 

Page 3 B  
Module Temperature AS 2ch d M  Scanner Temperature 4 s  z m c h * / C c I /  

..,e*... . . . ,. i.. . . ,  . . , .. . . . . _ I .  

MRIR Temp 
25'C 

micron channel 
5OoC 

- vd c 

- /.2< 

0 . 5 5 - 0 . 8 5  

Albedo 4 O o C  ooc 
0% 

10 
20 
30 
4 0  

5 0  

6 0  

7 0  

80 
9 0  

; G O  

- vd c 

- A 3 6  
- vd c 

I 
R 
R 

- 2-53 
-' 3.80 - <./o 

- 748-5- 
- q,oo 
- /o./o 

- 6 . w  

0 

. 

- 9.4r - - /0.35- 

0 . 2 - 4  micron channel MRIR Temp 

2 5 ° C  
- vd c 

- /. L >/ 
- 2, s 5- 

I Albedo 4 0 ° C  

- vd c 
O'C 5 0 ° C  

- vd c 

- / . 3 0  
-2.6 b 

0% 
10 

20 
30 
40 

50 

60 

70 
8 0  

9 0  

100 

vd c - 
- / . 2 3  

- 3.10 
- %$.- 

- 3 / 5 a  

- L . / 6  

I 
R 
I 

- 3.90 
- rG?o 

- 3180 - 7.35- 
- ,y. c 5- 

- 7 . w  
- .q./c 

- 9.90 
0 

I 
. 



R+U37- / Y r . / -  
F-1 MRIR 

Check of Calibration Data Page I C  
Module Temperature d?g"c . Scanner Temperature 4s z u / l e a  f i /  

. ... . c . ,. , . . . . ,  . . : ,  . *  

b.7 micron channe l  M R I R  Temp 
2 5 ° C  

- vd c 

- 6 * 7 s '  

- C . G O  

ooc  . 5 0 ° C  i"'" Temp -93OC 

- 8 3  
- 7 3  

-6  3 

- 5 3  

- 4 3  

- 3 3  

- 2 3  

-1 3 

- 3  

0 vd c yd c 

10-11 micron channel  M R I R  Temp 

2 5 O C  

- vd c 

- //.3c 

p a r g e t  Temp 5 o o c  4 0 ° C  

- vd c 

- / d ) .Rb  ' 
-93OC - vd c - vd c 

- 8 3  

- 7 3  

- 6 3  

- 5 3  

- 4 3  

- 3 3  

- 2 3  

- 1 3  

- 3  

3 . 7  

-il 7 

+2 7 

+ 3 7  

+4 7 

- 6 * (  0 



F-1 MRIR 
Check of  Calibration Data 

Scanner ‘ T e m p e r a t u r e m J  Module Temperature a r d <  . 

. r .. . . .  
5-30 micron channel 

)atget Temp 5 O o C  
MRIR Temp 

4OoC 2 5 O C  

0 vdc - vd c 

-& - / 0 . 7  3- 

10°C ooc  
-93.C 
- 8 3  
- 7  3 

-63 
-53 
- 4 3  
- 3 3  

-23 
-13 
- 3  

+ 7  

+17 
+27 
+37 
+42 

Vdc - vd c 

1 
I 
I 
1 
I 
I 
I 

i 



. 

Appendix C 

I N I T I A L  C A L I B R A T I O N  D A T A  

S A N T  3 B A R B A R A  R E S € A R C H  C E N T E R  c- 1 



F-1 MRIR 
I n i t i a l  C a l i b r a t i o n  Data 

Scanner 

1 

Module Temperature 2. TG 

-....,.. . . .. ....- . . . - * . ,  ..:. .,,. ‘ 4  ...,.,.__. : ...._ 

t .7 micron channe l  MRIR Temp 

2 5 ° C  - vd c 
- v.7 
- Y ’ 7  I 

5 0 ° C  fa=get Temp - 9 3 ° C .  II ud c 

- 8 3  
- 7 3  

- 6 3  

- 5 3  

- 4 3  

- 3 3  

I 
I - 3.75- 

- 3 , /  
- 2.3 
- A 3 5  

- 0,o 

-23 

-13 
- 3  I 

10-11  micron channel 

!Tatgee Temp 5 0 ° C  10°C 

- 9 3 O C  

- 8 3  

- 7 3  

- 6 3  

- 5 3  

- 4 3  

- 3 3  
- 3 7  - -  
-13 

- 3  

i 7 

- i17 

+ 2 7  

+ 3 7  

+4 7 

- vd c 

I 
I 
I 
t 
I 
I 
I 
g 

- /o.o 
- 91 3 
- y.5- 

- 3.8 

- s*f l  - a27 
.. /*3 
.. 0 . t  

- t , L  

+ (7 .2s-  - 0 , s  

. 



~ ~~~ ~ 

N b V  l 9 C L  

Initial Calibration Data Page 2 D 
F-1 M R I R  . I ,  

I Module Temperature 2 3- 'c Scanner Temperature 4 s  &Ace/%# 

MRIR Temp 
. 2 S 0 C  

-30 micron channel 
arget Temp 50°C 40°C 10°C 0°C 

-93.C - vd c vd c 
- //so 
- /0*7 
- /o. t b- 
-3LL 
-a - 8.3 - 7.3-r 

6.8 
s'. 7s- 

- 8 3  

- 7 3  

-63 
-53 
- 4 3  

-.3 3 

- 2 3  

-13 
- 3  
+ 7  

+17 
+27 
4-37 

+42 

I 
I 
1 

- g 7  
- 3.5- 
- 0?4?5- 
- 4 . 7 5 -  

-a.o 
I 

- 0.t 

I 
8 
I 

I 
I 

J- . 

. . 



F - 1  M R I R  
I n i t i a l  Calibration Data I 

1 
I 

# 

Module Temperature . d51°C . , 

... ,*. . . . .4. 4. _ .  ,-L. _. .> ..... . -+..........- 

micron channel * MRIR Temp 
5 0 ° C  40°C 2 5 ° C  

- vd'c, - vdc - vd c 

0 . 5 5 - 0  e 8 5  

Albedo 10°C 0" c 
O X  

1 0  
2 0  
30  

40  
5 0  

60 
70  

80 

9 0  

100 

vd c 0 .  . vdc 

- 6  I l  
' - 3 . y  - 3 . d r  . 

- 9 . 2  5- 

. . .  

0.2-4 micron channel * MRIR Temp 

4 O 0 C  2 5 ° C  I A l b e d o  5 0 ° C  10°C 0 ° C  

0% 

10 

20 

30 
4 0  

50 
60 
3 s  

s o  
9 0  

i o 0  

- / 1 3 2  I 
I - L / , o 7  

- /o, 3 s- - - /o.  I - / 0 4  3 >- 

* Corrected for Albedo Source c a l i b r a t i o n  error found . 
a f t e r  Calibration I 

- 1  

1 4 



F-1 M R I R  
I n i t i a l  Calibration Data ' 

c 

Module Temperatur I 

E .7 micron channel  M R I R  Temp 

4 0 ° C  2 S o C  
vdc  - vd c 

- 5./r -a 
- y,'.g>- - $7 ' 
- q.7 , -  - % 3- - ,'. y>- - t',r 
- 3.9,-  - 3.74 
- 3.3 c - 3 ' /  

2,s- - 3 . 3  
.. /. 5-0 - / . 3  5- 
- *  0 .  t 7 - 0.0 

- 

10-11 micron channel  

(Target  Temp 5 0 ° C  

- 9 3 ° C  - vd c 

- 8 3  - /3.2 
- / I . ?  

- 6 3  - ,., P 

- 4 3  - /0.5- 

' /  , 

I - 7 3  

I -53 - //. i 

I - 3 3  - 9 . 7 r  - 
-23 - 9 . 0  
-13 - 8 . L  

+ 2 7  - 3,? 5- I + 3 7  - / a 7  - - 

10°C 

- d . /  

0 ° C  
I vd c 

- y . 4  
0 y. 2>- 

- 3.9 
- 3.s- 
- J*? - 3 .2J  - /.q - 0. / 

0 ° C  

- vd c 
- /0,7 
= / 0 * 9 5 -  

- /01 L 
- 9. f? 

>- . I 



c 

c 

-30 micron channel 

arger Temp 50°C 
-93°C 1 - 8 3  

- 7 3  I - 6 3  

-53 

- 4 3  

-23 I -13 

- 3  

I + ’  
+17 I +27 

+37 

I +42 

F - 1  M R I R  
I n i t i a l  Calibration Data I 

- 4.3 
- 0.B5- 
- 0.1 

Scanner Temperature 

( 8  I )I_ . ._I_ i,. - “.-- 1 _I. 

MRIR Temp 
4 O o C  2 5 ° C  10°C 0 ° C  

- 2.2s- 

- vdc 

-u- 
- / O . G  

- / O e t  

- 91 7 
-911 
- tFC/ 
- 7.cr  
.- 6.8 
- S:8 
- Y. 8 
- 3.6 
-A - /* 0 
- 0. L s- 

. .r.:.., 

vd c 
- /0*3r 
- / o s 0  

- 9.7 
- 9 , t S i  
- g.7 
- 8.  I 
-a 
- 6 .7  
- c 7 r  

- 3.7s- 
- 2.5- 

- /,2r 
o * y r  

- 

- 

. .  



.F-1 MRIR 
I n i t i a l  Calibration Data I 

I 
1 

c 

Module Temperature As c4feJ Scanner TemperatureAs xh dlCak(  

micron channel * 0 . 5 5 - 0 . 8 5  I Albedo / 
MRIR Temp 

2 5 O C  10°C o o c  
- vdc - vdc - '  yd c 

50°C 4OoC 

0% 

10 
20 

3 0  

4 0  

50 

60 

70 

80 
90 
100 

- vd c 

- /J< 
vd c 

- / . L L  

- 3 . 1 2  - 3.2 h- - 3 , d O  . - 3 ' / t  

- f l E l  . - Y . 3  -2-2- 
- L I Z  

- 7.3- -- 710 - 7.0 . 
- *-# L - 5.7 

- 3 ' V &  
- yep>- 
- 6.2. 
- 7t>- 
- cI./ 

- q.7 

- P . G  -8.6 i - 9.0 
- /o. 7 
- / 2  I /A- - 

.. 

0.2-4 micron channel * MRIR Temp 

2 5 O C  I A l b e d o  5 0 ° C  

- vd c 
4OoC 

- vd c 
10°C 

- vd c 

- /.zc 

ooc 
- vdc * 

- / . L j f  
- J4ro 
- 3, 7 
- Y. as- 
- G. 0 3- 

- 3 . r r  
- 8.2r 
- 94s- - 
9 

0% 
10 

20 
30 

4G 

5 c  

G O  
- I  / v  

80 
90 

100 

- 4.37 
- - Z , 7 c  

I 
I 
I 
I 

- Y . 1 0  
- 3-, >- 

* Corrected for  Albedo 
a f t e r  Calibration 

Source c a l i b r a t i o n  error  found 

c 


